Evaluate the feasibility of transvaginal uterine artery Doppler examination in the first and second trimesters of pregnancy, establish reference ranges in a Brazilian population and examine the correlation between these Doppler findings. METHODS. Longitudinal prospective study at the antenatal clinic of a tertiary teaching hospital. Uterine artery Doppler examinations were carried out transvaginally at 11 to 14 weeks and 20 to 25 weeks of gestation. Uterine artery mean pulsatility index (PI) distributions were determined and the presence or absence of an early diastolic notch was also noted. The degree of correlation between first and second trimester Doppler findings was examined. RESULTS. Three hundred and forty four women with live singleton pregnancies and normal outcome were first examined at a mean gestation of 12.7 weeks. The values corresponding to the 50th and 95th centiles of mean PI were 1.69 and 2.48. Bilateral notches were observed in 44% of cases and unilateral notches were present in 19%. Second trimester Doppler examinations were carried out at a mean gestation of 23.2 weeks and corresponding figures for the 50th and 95th centiles were 1.03 and 1.57. Bilateral notches were noted in 4.4% of the cases. First trimester impedance indices were significantly higher and positively correlated to second trimester findings (r = 0.42, p<0.0001). CONCLUSION. Uterine artery Doppler examination can be successfully performed transvaginally and incorporated into scans that are routinely offered to women during their antenatal care in the first and second trimesters. Doppler indices obtained during the first trimester are significantly higher than those of the second trimester and findings at both scans are significantly correlated.
INTRODUCTION
Examination of uterine artery blood flow can be achieved by Doppler ultrasound. The increased impedance to flow in these vessels during the second trimester of pregnancy has been shown to be associated with increased risk of pregnancy complications such as pre-eclampsia and intrauterine fetal growth restriction 1 . Both complications are major causes of maternal and perinatal mortality. In the city of São Paulo, hypertensive disorders account for about one fourth of maternal deaths 2 . Several treatments have been proposed to reduce the incidence of such complications during pregnancy. However randomized studies evaluating interventions, such as low dose daily aspirin for women identified as high-risk, based on second trimester Doppler findings, have not shown a significant reduction in the rate of these complications 3 .
One may hypothesize that if such interventions were implemented at an earlier gestational age, before the trophoblastic invasion process is complete, they might have been more effective.
This study evaluated the feasibility of transvaginal uterine artery Doppler examination in the first and second trimesters of pregnancy, to determine normal reference ranges and findings in a Brazilian population and assess the degree of correlation between first and second trimester findings. Based on these reference ranges, methodologically appropriate uterine artery Doppler screening studies could then be performed in our population.
METHODS
This was a longitudinal prospective study conducted at the Department of Obstetrics, Hospital das Clínicas, São Paulo University School of Medicine. The study was approved by the Hospital ethics committee.
Patients routinely attending the antenatal clinic were informed about the study during their first trimester nuchal translucency scan and those who agreed to participate in the study gave informed consent. During that scan the number of live fetuses was determined, gestational age was confirmed by fetal crown-rump length measurement, fetal nuchal translucency thickness was measured and major fetal structural abnormalities were sought. Only live singleton pregnancies were included in the study.
Uterine artery Doppler examination was performed transvaginally on patients in the lithotomy position, with an empty bladder. The probe was inserted into the vagina and placed in the lateral fornix where color Doppler identified the uterine artery vessels at the level of the internal cervical os. Pulsed Doppler waveforms were obtained and pulsatility index (PI), was calculated for both uterine arteries. Mean (right + left/ 2) indices were calculated for each patient and the presence or absence of an early diastolic notch was also noted 4 . As part of the routine antenatal care, an anomaly scan was offered to all patients at 20-24 weeks gestation when the transvaginal uterine artery Doppler examination was repeated as done in the first trimester scan.
The results of the Doppler examinations were not disclosed to the obstetricians caring for these patients and no intervention was implemented on the basis of the Doppler results. Women with clinical or obstetrical complications, those with an abnormal fetus or that presented abnormal fetal growth, were excluded from the analysis.
Statistical analysis
Mean uterine artery Doppler indices (right + left/2) were calculated for each examination and the distribution in the first and second trimesters was described. Values obtained in the first trimester were compared to those of the second trimester using the paired t-test. Spearman´s correlation test and simple linear regression were used to examine the degree of correlation between these values. The frequencies of unilateral and bilateral notches were calculated for each trimester and compared using the Chi-square or Fisher's exact test, when appropriate.
RESULTS
During the study, 645 patients with live singleton pregnancies and known pregnancy outcome were recruited and agreed to participate. They were first examined at a mean gestation of 12.7 weeks (SD: 0.8, range: 11 to 13 weeks 6 days) however, transvaginal uterine artery Doppler waveforms could not be obtained in 6 (0.9%) cases. These women were reexamined at a mean gestation of 23.2 weeks (SD: 0.8, range: 20 to 24 weeks 6 days), and the Doppler scan was unsuccessful in 11 (1.7%) cases during the second trimester.
Uterine artery Doppler index reference ranges and findings were calculated based on 344 pregnancies with a normal pregnancy outcome. Cases with maternal hypertension (47), diabetes (12) , thrombophilia (11) Values corresponding to various mean uterine artery Doppler pulsatility index centiles are shown in Table 1 . First trimester uterine artery Doppler indices were significantly higher compared to those of the second trimester (mean PI difference = 0.66 + 0.42, paired t test p<0.001) and these measurements were significantly and positively correlated (r = 0.42 [95% confidence interval CI= 0.33 to 0.50], p<0.001; Figure 1 ).
Bilateral notches were observed in 151 (43.9%) cases during the first trimester and in 15 (4.4%) evaluations during the second trimester. The corresponding figures for unilateral notches were 66 (19.2%) and 31 (9.0%). Both findings were significantly less common in the second trimester (Chi-square test p<0.001). Among the 151 patients who had bilateral notches in the first evaluation, 13 (8.6%) had persistence of bilateral notches in the second trimester scan, 25 (16.6%) presented unilateral notches and the remaining (74.8%) showed no notches. Table 2 summarizes uterine artery notch findings in both scans.
DISCUSSION
This prospective study has shown that Doppler examination of the uterine artery can be successfully achieved transvaginally and included to scans that are offered to women during their routine antenatal care, such as the first trimester nuchal translucency and second trimester anomaly scans 5 . Failure to obtain an appropriate Doppler sonogram was observed in less than 2% of our study population.
Historically, uterine arteries have been examined transabdominally, in the second trimester of pregnancy, at the level of their "cross over" with the external iliac artery 4 . However this technique is not applicable during the first trimester and different techniques have been employed [6] [7] [8] [9] . The transvaginal route was chosen for this study because it enables easy identification of the uterine arteries at the level of the internal cervical os, during the entire pregnancy. It therefore allows On the other hand, bilateral notches were found in around 8-9% of the cases examined by Papageorghiou 1 and only 4-5% of our cases. This difference is most likely explained because notch assessment is based on subjective criteria. Indeed, the pulsatility index describes the shape of the velocity waveform much better, as it includes the area below the curve in the formula. Likewise and for this reason, the PI index indirectly informs about presence or absence of a protodiastolic notch and is the preferred Doppler impedance index in most recent uterine artery Doppler studies.
Several studies have now shown that increased impedance to flow, in the second trimester of pregnancy is associated with an increased risk of pregnancy complications, such as preeclampsia and fetal growth restriction 13 . However randomized studies testing prophylactic interventions, such as low-dose aspirin to reduce such complications in patients identified as high-risk, based on mid-second trimester uterine artery Doppler findings, have not proven effective 3, 14 . Perhaps these interventions are being tested at a gestational age too far ahead in the trophoblastic invasion process.
Therefore, one may hypothesize that if such interventions were implemented at an earlier gestational age, they might have been more effective in reducing the rate of pregnancy complications. However, our data suggest that if prophylactic interventions were to be tested in future studies, based on first trimester uterine artery Doppler findings, such studies would have to recruit a large number of women screened and the sample size would have to be much larger than current second trimester randomized prophylactic studies to show significant reduction of pregnancy complications. Moreover the transvaginal route conveys a better assessment of fetal anatomy in the first trimester as well as a reliable method for evaluation of the uterine cervix 10 . Other advantages of this technique include the possibility of obtaining clear waveforms and a good reproducibility due to the proximity of the transducer to the uterine vessel 11 . Our data also show that uterine artery Doppler impedance indices during the first trimester of pregnancy are significantly higher than in the second trimester and that both measurements are significantly and positively correlated. The association between uterine artery Doppler findings in the first and second trimesters has also been described in a smaller study involving 55 pregnancies 6 . 
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RESUMO CORRELAÇÃO ENTRE OS ACHADOS DOPPPLERVELOCIMÉTRICOS DAS ARTÉRIAS UTERINAS NO PRIMEIRO E SEGUNDO TRIMESTRES DA GESTAÇÃO
OBJETIVO. Avaliar a aplicabilidade de realizar exames dopplervelocimétricos endovaginais das artérias uterinas no primeiro e segundo trimestres da gestação, definir valores
